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Interrogation of Voids in SOlids Utilizing Ramp Function Ultrasonic
Pulses
Abstract
From some low frequency scattering investigations in radar, it is suggested that interrogating the target with
"ramp" function has distinct advantages. This "ramp" function is a ramp in amplitude, not frequency. The
returning echo is predicted to exhibit directly in the time domain, information of the cross-sectional area of a
target as the ramp passes the target. From this information, one can infer size, volume, and orientation of the
target. The theory for this interpretation is based on the physical optics approximation. This approximation is
commonly used in acoustic and elastic wave scattering when the boundary conditions are approximate. The
concepts can be "verified" by exact scattering theories for back-scatter from hard spheres (acoustic) and
spherical voids (elastic). Our calculation for these two cases do show that their returning could show cross-
sectional information. A proposed system to launch and receive ramp pulses will be discussed. The generation
mechanism uses the demodulation properties of absorbtive, nonlinear media on a large amplitude pulse train.
The detectior mechanism utilizes fiber optics.
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ABSTRACT 
From some low fr·equency sea ttering investigations in radar, it is suggested that interrogating the 
target with "ramp" function has distinct advantages. This "ramp" function is a ramp in amplitude, not 
frequency. The returning echo is predicted to exhibit directly in the time domain, information of the 
cross-sectional area of a target as the ramp passes the target. From this information, one can infer size, 
volume, and orientation of the target. 
The theory for this interpretation is based on the physical optics approximation. This approximation 
is commonly used in acoustic and elastic wave scattering when the boundary conditions are approximate. 
The concepts can be "verified" by exact scattering theories for back-scatter from hard spheres (acoustic) 
and spherical voids (elastic). Our calculation for these two cases do show that their retur.;ling could 
show cross-sectional information. 
A proposed system to launch and receive ramp pulses will be discussed. The generation mechanism uses 
the demodulation properties of absorbtive, nonlinear media on a large amplitude pulse train. The detectior 
mechanism utilizes fiber optics. 
INTRODUCTION 
Current field operating NDE ultrasonic de-
vices are based on interpretation of signals in 
the time domain. Presence, location and sizing 
of flaw is usually found from an oscilloscope 
display of a processed signal of a returning echo. 
However, many research investigators in NDE are 
now advocating frequency domain for size determin-
ation partially because the amplitude of the 
returning echo depends on many factors other than 
flaw size. With the knowledge that amplitude 
techniques now exist and the belief that they can 
be made better, I am proposing an alternative 
time domain technique from which size, shape, and 
some orientation can be implied, in principle, 
from an oscilloscope display. Moreover, this 
pattern can be converted by computer to yield a 
first approximation image of the flaw from one 
view of the flaw. 
The chief feature of this technique is that 
the ultrasonic pulse launched toward the flaw 
is preprocessed to have a "ramp" waveshape. This 
is a ramp in amplitude,' versus time, not fre-
quency, and the ramp designation is defined to 
mean an abrupt change of the first time deriva-
tive of the shape of the pulse. 
The conceptional theory for this technique 
was developed by Kennagh and Moffett [l] for 
electromagnetic scattering, i.e. radar. Their 
theory based on physical optics suggest that the 
backscattered echo s(t) of a ramp pulse provides 
a mapping of the cross-sectional area A(z) of the 
target as a function of distance z through the 
target, i.e. 
s(t) a A(z) 
with t = z/2c 
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where c is the velocity of the radiation in 
the host medium. This concept is illustrated 
in Fig. 1, where the incoming ramp function is 
shown separated from the backscattered for dis-
play convenience. The difference of the heights 
and lengths of the upper and middle returns 
show how orientation can be inferred. The areas 
under the backscattered curves yields the volume of 
the scatters while the height indicates the great-
est cross-sectional area and the length in time 
corresponds to the length of the target. 
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Figure 1. Concept of ramp pulse scattering. 
It must be emphasized that Fig. I is only 
conceptional and somewhat an exaggeration in as 
much as the theory allows only the region illu-
minated by the radiation to be mapped and not 
the shadowed region. Also this theory is based 
on the assumptions of physical optics which are 
almost entirely invalid for the frequency range of 
operation. 
PHYSICAL OPTICS CONCEPTS 
The physical optics approximation is a 
common theory used in radar, acoustic, and elastic 
scattering. Among its many assumptions are the 
target in convex and smooth, larger than a wave-
length. and has large radii of curvature. 
However, the ramp function concept has been 
shown experimentally for radar by Young [2] but 
it utilizes the frequency dependence o·f scattering 
outside the domain associated with the physical 
optics approximation. Namely, it works in the 
Rayleigh and lower resonance regions as shown 
in Fig. 2. In this figure,. the general form of 
frequency dependence of the backscattered signal 
from a class o·f simple targets is. sho.wn. It 
applies in principle, to electromagnetic scatter-· 
ing from voids. The following regions are 
designated for discussion. The high frequency 
region is generally known as g.eometrical opti'ts; 
whereas the low signal is quadratically dependent 
on frequency (or ka) is known as the Rayleigh 
region. The resonance region becomes by arbitrary 
definition the physical optics region which in 
turns becomes the geometrical optics region with-
out precise definition. It is generally believed 
that imaging of objects requires information 
from the higher physical and geometrical optics 
frequencies. 
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Figure 2. Typical frequency dependence of 
backscatter illustrating regions 
of nomenclature. 
ELECTROMAGNETIC RESULTS 
In Young's experimental studies with electro-
magnetic waves, a true ramp function is not 
generated but a synthesized ramp backscatter is 
formed from individual harmonics, as low as ten 
in number. Success in construction is illustrated 
in Fig. 3 which shows a computer generated image 
composed of information nose-on and 30° from 
nose-on viewing angles. It is to be noted that 
the sharp edges of the cone violates assumptions 
of the physical optics approximation. The wave-
length of the fundamental frequency of the 
synthesized ramp is approximately three times 
the length of the cone. 
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Figure 3'. Results of Young for electromagnetic 
waves. The image of the· cone is 
constructed from measured profile 
function of oO and· 300 incident 
angles. Size c1'f cc;me in inches·. 
ACOUSTIC AND ELASTic· RESULTS 
To test the applicability of the ramp concept 
to acoustic and elastic scattering,. ramp responses 
have been computed using the exact scattering theory 
for hard spheres in. acoustic scattering and spheri-
cal voids in elastic scattering. Figures 4 and 5 
show typical results, respectively for acoustic 
and elastic scattering. These figures have been 
normalized by range and area of ·'the scatt·erer. The 
fact that the curves are approximately t·he same 
height is an indication that the backscattered echo 
is proportional to. area of scattering sphere • 
Similarly, the increasing width of the theoretical 
return with increasing size of the scatterer agrees 
with the concept. 
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These figures were generated with ramp waves 
synthesized from harmonic functions; thus, the Ka 
label on each of the curves corresponds to the Ka 
for the lowest frequency in the synthesized ramp 
function. 
RAMP RESPONSE - ACOUSTIC WAVES 
HARD SPHERE 
ka=.6 
ka=.4 
ka=.2 
Figure 4. Theoretical calculations of ramp back-
scattered acoustic pulses from hard 
spheres. 
RAMP RESPONSE ELASTIC WAVES 
SPHERICAL VOID 
Figure 5. Theoretical calculation of ramp back-
scattered elastic pulses from spherical 
voids. 
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GENERATION AND DETECTION OF RAMP RESPONSE 
The above results seem encouraging enough to 
explore methods of generating ramp functions. One 
technique is generate unipolar function as suggest-
ed by Selfridge, et al. At this meeting. However, 
I would like to suggest novel system to launch and 
receive ramp or other pulses. 
The generation mechanism is based on a nonlinear 
phenomena of acoustic wave propagation known as 
self-demodulation. Experiments by M.B. Moffett 
[3] in which as intense, modulated pulse was 
propagated through CC14 (as shown in Fig. 6) illus-trates the principle. The receiving transducer 
detects a changing waveform as the pulse waveform 
undergoes distortion and absorption as seen in Fig. 7 
The end results is a pulse containing lower frequenci· 
and whose shape is related to the second derivative 
of the square of the modulation of the ultrasound 
leaving the transducer. By controlling the modula-
tion of pulse to the sending transducer, one has 
some control of the resultant pulse. An additional 
benefit is the beam pattern generated by nonlinear 
effect is extremely narrow and in some cases have 
virtually no side lobes. 
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Figure 6. Experimental apparatus used in detection 
of nonlinear phenomena 
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Figure 7. Illustration of changing pulse waveform 
undergoing self-demodulation 
The concept can be incorporated into a trans-
ducer housing in which the nonlinear processess 
occur and the pulse transmitted to a material under 
test would be the desired ramp pulse. In Fig. 8, 
such a transducer configuration is shown. 
REFERENCES 
1. E. M. Kennagh and D. L. Moffat, "Transient and 
Impulse Response Approximations", Proc. IEEE, 
Vol. 53, p 893-901 (1957). 
In order to receive the sound, another trans- 2. J.D. Young, et al "Basic Research in Three-di-
mensional Imaging From Transient Radar 
Scattering Signatures" Annual Status report to 
Ballastic Missile Defense Systems Command by 
the Electroscience Laboratory, The Ohio State 
University, Columbus, Ohio, (July 1978). Also 
see J.D. Young, "Radar Imaging from Ramp Res-
ponse" IEEE Trans. on Antennas and Propagation", 
Vol. AP-24, pp 276-282 (1976) 
ducer would have to be included. In the 
illustration I have included a possible broadband 1 
system. It has a fiber optic sensor which responds 
to the backscattered wave. Figure 9 shows a 
proposed system for the fiber optics detection in 
which optical phase modulation is detected by a 
heterodyne technique. Fiber optics hydrophones 
have been built for lower frequencies and have 
sensitivities approximating piezoelectric hydro-
phones. 3. 
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Figure 8. Proposed ultrasonic transducer con-
figuration incorporating nonlinear 
generation and fiber optic detection. 
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Figure 9, Detection system for fiber optic sen-
sor of ultrasonic waves. 
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SUMMARY DISCUSSION 
(B. D. Cook) 
Bruce Thompson (Rockwell Science Center)a In your last slide you showed utilizing the 
nonlinear absorbing medium to take up all the high frequency contents, what was 
the efficiency of that? 
Bill Cooka It was very efficient. You list the reasons it's not efficient. But the 
key feature is that the signal that you get is related to the modulation enve-
lope, and it is given by the second derivative of the modulation to the square. 
So, if you can control the modulation at a high frequency, you can get a bandwidth 
that you need. 
Paul Hollera Any other question? 
George Gruber (Southwest Research Institute)a You and I never have seen each other's 
technique, right? 
Bill Cooka Right. 
George Grubera But they are similar somewhat because you're trying to get size 
information from the time function. And you would like to have high Q transducer, 
ten to one 
Bill Cooka Low Q. 
George Grubera I take it back. 
Bill Cooka Some of the people from Ohio State think the argument is just backwards, 
you're trying to use the satellite pulses for example, and what they're trying 
to use is time discriminated and throw that all away because all the rest of that 
information in the high frequency range is noise to them; essentially, by using 
just a regular region they can throw the other out. 
# # 
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